Abstract. A predictive model is presented for the surface roughness in high-speed milling of P1.2738 (plastic die steel)based on BP Neural network. The data for establishing the model is derived from the experiment conducted on a high-speed 5-axis machining center by factorial design of experiments. Compared with measured data and data from regression analysis, the result of prediction using BP neural network indicates its feasibility, which provides reference for the optimization of cutting parameters.
Introduction
Surface roughness is an important parameter to evaluate the surface quality of high speed finishing. There are many influencing factors, in which the selection of cutting parameters is the main factor, especially the relationship between the values of cutting parameters is very important to the surface roughness. The high speed cutting process is complicated, so it is difficult to establish an analytical model because it needs many parameters to be controlled and difficult to match with the actual conditions. Therefore, through the cutting test, the empirical prediction model of surface roughness based on BP neural network is established, which provides a reliable basis for reasonable selection of milling parameters. fast computing and processing ability. To solve complex nonlinear problems, the output values of approximate actual machining results can be obtained. In this paper, a prediction model for surface roughness of high speed machining is constructed by using BP network.
Orthogonal Test and Data
Input and Output Data and Preprocessing. The feed forward BP network type S transform function to avoid network activation in the flat area of the work function data should be transformed into [0.1, 0.9], for the convenience of network identification in network prediction and execution of input and output parameters were normalized. In the network prediction, in order to make the output more close to the actual requirements, the output vector should be treated by inverse normalization.
Network Parameter Setting. The neural network in this paper uses three layers of network structure with 4 inputs, 1 outputs and 1 hidden layers. The structure of the neural network is shown in figure 1 . The 4 input vectors are milling speed, radial milling depth, axial milling depth and feed per tooth, and the output layer vector is surface roughness.
Figure.1 Neural network structure diagram
In this paper, the BP neural network with one hidden layer is used, and the number of hidden nodes is determined by the method of trial and error according to approximation error and generalization error. The other parameters are shown in Table 2 . 
Training and Verification of Neural Networks
In the 16 sets of data in this paper, 14 groups are selected as training samples, and the remaining 2 groups are used as verification samples. In the course of network training, the number of hidden nodes is constantly adjusted, and when the number of hidden nodes is 12, the network error tends to be stable, and the training process of the model is over. The network model trained by the mean square error trend with the increase of the number of the training steps as shown in Figure 2 , when the network training MSE network training model steps and achieve the fifteenth step network model meet the requirements .
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Figure 2. Relation between training steps and training error
After the end of the training needs of network training has been good model for testing until the generalization error satisfies the predefined requirements in order to validate the generalization ability of the model, the generalization error for the preservation of network model 0.004236, otherwise the need for re training network. The prediction results and errors of training samples and test samples are shown in Table 2 . The prediction values and their corresponding error values of the orthogonal regression method are also listed in the table.
The range analysis method can only determine the surface roughness with milling parameters variation in a given parameter for a group of optimal parameters and not on its forecast; in the orthogonal regression analysis and prediction model based on BP algorithm, through the forecast comparison can be seen as the average prediction error of regression analysis 7.8156%, BP algorithm samples the average error is 2.6285%, significantly higher than that of BP, which also shows that the BP model is more effective.
Data Analysis
Considering the interaction between speed and feed rate, a multiple linear regression model was established, and the results of BP neural network prediction and regression analysis were compared.
Multivariate Linear Regression Model. In the orthogonal regression analysis and prediction model based on BP algorithm, the average prediction error by the comparison of predicted visible regression analysis was 7.8156%, BP algorithm samples the average error is 2.6285%, significantly higher than that of BP, which also shows that the BP model is more effective.
Conclusion
The data processing capacity of multi condition and method of artificial neural network based on multi factors, BP neural network based nonlinear model of surface roughness in high speed milling of this paper and the network prediction results and orthogonal regression method, it is concluded that the BP network algorithm has better prediction ability, and the various factors on the surface roughness and the impact of the range analysis is consistent.
